ABSTRACT: Forest canopy density and height are used as variables in a number of environmental applications, including the estimation of biomass, forest extent and condition, and biodiversity. The airborne Light Detection and Ranging (LiDAR) is very useful to estimate forest canopy parameters according to the generated canopy height models (CHMs). The purpose of this work is to introduce an algorithm to delineate crown parameters, e.g. tree height and crown radii based on the generated rasterized CHMs. And accuracy assessment for the extraction of volumetric parameters of a single tree is also performed via manual measurement using corresponding aerial photo pairs. A LiDAR dataset of a golf course acquired by Leica ALS70-HP is used in this study. Two algorithms, i.e. a traditional one with the subtraction of a digital elevation model (DEM) from a digital surface model (DSM), and a pit-free approach are conducted to generate the CHMs firstly. Then two algorithms, a multilevel morphological active-contour (MMAC) and a variable window filter (VWF), are implemented and used in this study for individual tree delineation. Finally, experimental results of two automatic estimation methods for individual trees can be evaluated with manually measured stand-level parameters, i.e. tree height and crown diameter. The resulting CHM generated by a simple subtraction is full of empty pixels (called "pits") that will give vital impact on subsequent analysis for individual tree delineation. The experimental results indicated that if more individual trees can be extracted, tree crown shape will became more completely in the CHM data after the pit-free process.
INTRODUCTION
A LiDAR system comprises multiple subsystems, namely a global positioning system (GPS), inertial measurement unit, and laser scanner. Currently, the large volumes of spatial data collected in a short period using LiDAR systems are typically employed for quantitative analyses and modeling in studies on geology, coastal erosion, and geomorphology. Airborne LiDAR technology can be used to collect multiple laser returns at pulse repetition rates up to 500 KHz. The positional accuracy of the resultant laser pulse return is typical at the decimeter level. Thus, the obtained standard products of an airborne LiDAR survey included all points, ground points, digital surface models (DSM), and digital elevation models (DEMs). Two types of airborne LiDAR systems are currently available; full-waveform (FW) and discrete-echo LiDAR. Regarding discrete-echo LiDAR systems, the return signal is filtered to export multiple echoes. For each transmitted laser pulse, only three to seven echoes are typically used to record the intensity and three-dimensional coordinates. However, FW LiDAR systems can record the entire waveform for each transmitted laser pulse. A waveform typically comprises responses per nanosecond. Therefore, a maximum of 255 echoes can be obtained. Thus, an unprecedented level of information can be preserved. Additional land information and high density point cloud data can be acquired, improving the accuracy of digital terrain models (DTMs). Because the reflected waveforms are affected by the type of material and properties of detected land objects, the waveform features can also be employed to analyze the characteristics associated with land cover change. LiDAR systems have been applied in close-range or aerial topographical surveys, to classify vegetation in forested areas, and map disasters (Wehr & Lohr, 1999) . To estimate the forest canopy structures or individual crown structure by LIDAR technology, it is a very good method (Lin et al., 2011; Lo & Lin, 2013) . For the single standing-based approach, canopy parameters of individual trees can be extracted from the Canopy Height Models (CHMs). Except for the tree height, there are some parameters such as crown width (CW), crown base height, and crown projected area (CPA) also can be estimated in the process (Bortolot & Wynne, 2005; Popescu, 2007; Kwak et al., 2010; Dalponte et al., 2011) .
The purpose of this work is to perform a comparison of different CHMs generation methods for subsequent processes of the extraction of volumetric parameters of a single tree either directly or indirectly. Two algorithms, i. e. a subtraction of digital surface model (DSM) and digital elevation model (DEM), and a pit-free approach are conducted to generate the CHMs firstly. Then a multilevel morphological active-contour (MMAC) algorithm was used for individual tree delineation. Finally, the rasterized CHMs derived from two algorithms were compared with measured stand-level parameters, i.e. tree height and crown width (CW).
METHODOLOGY

CHM Generation
The most simple CHM generation method is a subtraction of digital surface model (DSM) and digital elevation model (DEM). However, there are some improvement for the CHM generation, e.g. searching the highest LiDAR return in each grid cell, replacing each LiDAR return with a small disk, using TIN interpolation, and a pit-free method developed by Khosravipour et al. (2014) .
A simple improvement can be obtained by replacing each LiDAR return with a small disk. After all, depending on the flying height the laser beam has a diameter of 10 to 50 centimeter and approximating this with a single point of zero area seems overly conservative. But this produces increasingly smooth CHMs with widening tree crowns. This "splats" the LiDAR returns into circles that are growing larger and larger than the laser beam diameter and thus have less and less in common with reality.
Another popular approach avoids this by interpolating all first returns with a triangulated irregular network (TIN) and then rasterizing it onto a grid to create the CHM. The result has no more empty pixels but is full of pits because many laser pulses manage to deeply penetrate the canopy before producing the first return. When combining multiple flight lines some laser pulses may have an unobstructed view of the ground under the canopy without hitting any branches. These "pits" and how to avoid them is discussed in great length in the September 2014 edition of the ASPRS PE&RS journal by a paper of Khosravipour et al. A LAStools developed by the Rapidlasso GmbH had implemented these ideas as the following. First, combining the '-highest' gridding and TIN interpolation. Next, the idea of expanding the points into circles with a diameter of 5 centimeter to account for the laser beam diameter by adding option "-subcircle 0.025" to "lasthin" function in the LAStools (Isenburg, 2014) .
MMAC Algorithm
The MMAC algorithm combines a multi-level morphological approach with the active contour model described previously. The algorithm proposed in this study is based on mathematical morphology (MM) concepts and uses an adapted watershed segmentation technique The MMAC algorithm is comprised of three steps. The first step uses bottom up erosion (BUE) to process CHM data and locate the stand candidates within a forested area. In the MMAC algorithm, stand candidates are identified by an iterative process in which image data is successively eroded from the bottom up until finally the highest points are determined. The second step uses a top down dilation (TDD) technique to estimate tree crown periphery points by growing outwards from stand candidate central points. The third step uses an active contour model (ACM) to modify the periphery points and delineate the contours of the tree crown boundary (Lin et al., 2011; Lo & Lin, 2013) .
CASE STUDY
Study area
The test area located at a Golf course in the Hsinchu county. A Leica ALS 70-HP scanner was used in the experiment. The scanning date is Oct. 17, 2013, the flight altitude is 1295m, pulse rate is 210 KHz, and point density is 2.483 pt/m². The acquired point cloud covered the study area is shown as Figure 1 . Two test area (300m x 300m) are clipped from the original point cloud for the subsequently analysis. The clipped point clouds for the test area #1 and #2 are also shown as right parts in the Figure 2 . 
Test results
Results for the early study:
A TreeTop application developed in a Web-LiDAR forest inventory project was conducted to perform individual tree delineation for the CHMs comparison (Chang et al., 2015) . Web-LiDAR was developed to support LiDARbased forest inventory and management at Eglin Air Force Base (AFB), Florida, USA (Silva et al., 2014) . The ICD algorithm called VWF is performed using a threshold to find tree tops and using a variable window to describe the tree crown width (TCW) is a function of tree height (Popscu & Wynne, 2004) Figure  6 can be derived using pit-free CHMs (points are replaced by ten cm circles) in the experiments. In Figure 6 , duplicated treetops appeared in the VWF results had been significantly eliminated by the MMAC method. However, there are 9 trees which cannot be found using the MMAC method, as shown in brown circle in the figure. The accuracy of the method is about 67% though it still needs to be improved. Moreover, the poor result as shown in Figure 7 is obtained when the simple subtraction CHM used for the MMAC method. It indicates that "holes" in the CHM data without smoothing will produce artifacts, which cause less amount of treetops can be found (Lin et al., 2011) . More quantitative evaluations of methods will be performed in the future research. Figure 6 . Extraction result by the MMAC method using the pit-free CHM (a ten cm circle as a point) Figure 7 . Extraction result by the MMAC method using the simple subtraction CHMs.
CONCLUSIONS
Two individual tree delineation algorithms namely a multilevel morphological active-contour (MMAC) and a variable window filter (VWF) had been checked and evaluated using reference data derived from the stereo measurement in the aerial image pairs in this work. The extraction results indicate that there are too many duplicated tree tops found in the VWF method, even though smoothing procedure had been considered, using pit-free CHM data. However, the duplicated treetops appeared in the VWF results had been significantly eliminated by the MMAC method. of the accuracy of the MMAC method is 67% showing that the "holes" in the CHM data without smoothing will cause more crown fragmentation and thus reducing the accuracy in the individual crown delineation. More detailed comparison and field verification will be given in the future research.
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